Background. Sub-Saharan African nations have among the highest rates of chronic hepatitis B virus (HBV) infection worldwide, but little is known about HBV infection in African-born persons in the United States.
Approximately 2.2 million people in the United States are chronically infected with hepatitis B virus (HBV), of whom 1.3 million (60%) are foreign-born [1] . The majority (58%) of the foreign-born US residents with chronic HBV infection are from Asia, although more than one-tenth (11%) were born in sub-Saharan Africa as of 2011 [1] . Prevalence rates of chronic HBV infection in Africa are >8% [2, 3] . Since 1980, the number of African immigrants in the United States has increased by >750% [4] . African-born US residents are a diverse population, with no individual country accounting for >14% of the total; however, the majority (93%) originate from West (36%) and East Africa (29%), and smaller numbers from North (17%), South (6%), and Central Africa (5%) [5, 6] . African immigrants are more likely to be recent arrivals, to live below the poverty line, are less likely to have health insurance [7] , have greater reliance on emergency rooms for primary care needs [8] , and, among men, are less likely to act on health concerns than their African American counterparts [8] . These demographic characteristics describe a rapidly growing and diverse population with limited access to healthcare. The high rates of chronic HBV infection among African-born US residents combined with increasing immigration and limited access to healthcare prompted our assessment of HBV infection prevalence among African-born New York City (NYC) residents.
Our primary objective was to estimate prevalence of current HBV infection among African-born NYC residents. Secondary objectives included testing the effectiveness of a communitybased screening and linkage-to-care program that relies on a culturally targeted patient navigator, assessing the role of known risk factors, and identifying previously unknown risk factors in this population. We hypothesized that rates of HBV infection among African immigrants living in NYC mirror those in their countries of origin, that there would be substantial opportunities to provide immunization for nonimmune, noninfected persons, and to further care for those who were infected, and that the culturally targeted patient navigator would be effective in linking persons to care.
METHODS

Study Design and Patients
With approval from the Icahn School of Medicine at Mount Sinai Institutional Review Board, this study was conducted in NYC between October 2011 and July 2013 through the Hepatitis Outreach Network (HONE) Program, which has been described elsewhere [9] . HONE partnered with a nonprofit organization, African Services Committee, to provide targeted screening for HBV to any African-born adult (≥18 years of age) at community centers, places of worship, and sites of employment throughout NYC. At the time of HBV screening, all persons provided written informed consent for data collection through a questionnaire that assessed demographics and risk factors. The risk factors assessed included established and potential HBV risk factors including country of origin, having a family history of liver disease, history of a transfusion with blood products, sexually transmitted infections, injection drug use, men who have sex with men, human immunodeficiency virus (HIV), end-stage renal disease requiring dialysis, being a healthcare professional, presence of tattoos and/or body piercings, having hemophilia, scarification practices, length of time residing in Africa, and number of current and lifetime sexual partners. We ascertained personal history of known liver disease including HBV to exclude persons in our analysis with a prior diagnosis. We had all questionnaires and consent forms professionally translated and back-translated into French and Arabic and trained multilingual delegates to obtain consent from all persons. Community members were invited to attend the screening events at no cost through public service announcements on local African radio stations, flyers at community venues, announcements by community and religious leaders, and word of mouth by the patient navigator at community events.
A trained phlebotomist collected a blood sample on-site for serological testing for each patient. The Mount Sinai Clinical Laboratories tested all blood samples for hepatitis B surface antigen (HBsAg), hepatitis B surface antibody (HBsAb), and hepatitis B core antibody (HBcAb). All results were interpreted by a hepatologist. In this study, HBV status was defined as follows: current HBV infection if HBsAg was positive, HBV exposure if HBcAb was positive including those who were HBsAg positive, HBV immune from past immunization by the presence of the HBsAb alone, and susceptible to HBV with an opportunity for immunization by the absence of all 3 markers (Supplementary Table 1) .
A culturally targeted, multilingual (English-, Arabic-, and French-speaking) professional patient navigator attempted to contact persons with their results via telephone 1 week after their screening. At least 6 attempts at different times of the day were made to reach the tested persons via telephone with their test results. The patient navigator invited all persons with HBV infection to meet in person to provide education and counseling on viral hepatitis, scheduled the first 2 followup visits for the patient, escorted them to these office visits, and provided additional support and resources as needed. All persons who tested positive for HBsAg were invited to attend a comprehensive follow-up visit at Mount Sinai Medical Center Liver Medicine Practice at no cost. This first follow-up visit included a complete history and physical exam by a hepatologist, blood tests to assess hepatic synthetic function and complete blood count as well as an HBV viral load, the presence or absence of hepatitis B e antigen (HBeAg) and hepatitis B e antibody (HBeAb), hepatitis delta antibody, an abdominal ultrasound for hepatocellular carcinoma (HCC) screening, and transient elastography measurement via FibroScan to assess the degree of fibrosis. Upon completion of their visit, all persons were provided a round-trip public transportation fare card to cover travel costs and a $20 incentive for attending the visit. The research team attempted to contact all persons who attended a follow-up visit at least 6 times via telephone at different times of the day with their test results and, in consultation with the hepatologist, provided recommendations regarding treatment and further follow-up, as well as a referral for longterm follow-up care. After the initial visit at Mount Sinai Medical Center, HBsAg-positive persons were referred to a designated viral hepatitis provider at a partnering municipal health center, either Bellevue Hospital Center or Harlem Hospital, for long-term management including antiviral treatment if recommended based on American Association for the Study of Liver Diseases (AASLD) guidelines [10] .
Statistical Analysis
A research assistant entered the survey data into a secure Webbased database. Laboratory results were directly imported from the Mount Sinai clinical laboratory system into the HONE database. Data were analyzed using SPSS software (version 19.0). Quantitative baseline descriptive variables were expressed as the median with the interquartile range (IQR). The relationship between HBV infection (presence of HBsAg) and exposure (presence of HBcAb) and demographic and risk factors (outlined above) was first assessed in univariate analyses using the Pearson or Fisher exact χ 2 and t tests. To ascertain a complete risk factor analysis for HBV exposure, all persons who were HBcAb positive were included irrespective of the presence of HBsAg or HBsAb. Logistic regression models were built to further assess the relationship of patient characteristics with serostatus. Age and sex were factored into each model. A P value of <.10 was used as a qualifier to enter a variable into the adjusted analysis. Variables with P values <.05 were retained in the final model. As noted above, all persons were asked if they had a prior known diagnosis of liver disease at the time of screening; if they answered "yes," they were offered screening but were excluded from our data analysis of risk factors to attempt to minimize bias in the HBsAg detection rate reported here in this population.
RESULTS
Study Population
Between October 2011 and July 2013, 955 African-born adults were screened for HBV through this collaborative program. The median age of the study sample was 45 years (IQR, 35-54 years) and 721 (75.5%) were male (Table 1) . Persons tested were born in 31 different African countries; the majority originated from West African nations, with the highest proportion from Senegal (38%). Compared to national US population estimates, the study sample had a lower percentage of high school graduates (67% vs 81%) [11] , lower median household income (<$25 000 vs $52 250) [12] , and lower percentage of health insurance coverage (22% vs 87%) [13] . A small proportion of persons had a primary care physician (24%). Four-hundred sixty-one (53%) were employed, and 325 (34%) were married. After excluding those who reported a prior known diagnosis of liver disease including HBV (n = 36), a total of 919 persons underwent further analysis in our cohort. Of this cohort of 919 persons, the median age was 45 years (IQR, 35-54 years) and 75% were male ( Table 2 ). The median number of years spent in Africa was 33 (IQR, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] and in the United States was 11 (IQR, (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . Risk factors for HBV infection were assessed; 48% admitted to unprotected sexual intercourse, and only 6 persons had a mother with known viral hepatitis.
Prevalence of Current HBV Infection and Exposure
The overall number of HBsAg-positive or currently HBV-infected persons among the 919 African-born persons tested without a self-reported history of liver disease was 88 (9.6%). Persons who were HBsAg positive were born in 16 different countries (Supplementary Table 2 ), with the highest proportion originating from Senegal (n = 342 [37%]). There was no association between any country of origin and testing HBsAg positive. The overall number of HBV-exposed persons in this cohort was 679 (73.9%), with 143 (15%) persons who were isolated HBcAb positive.
Risk Factors for Current HBV Infection
The characteristics of persons with and without current HBV infection are shown in Table 3 . The mean age in years of those with current HBV infection was significantly lower than those without current infection (39.6 vs 45.3 years, respectively; P < .01). Men were more likely to have current infection than women (13.6% vs 5.2%; P < .01). People with HBV infection had spent less time residing in Africa (29.6 years vs 33.4 years; P < .01) than those who were not infected. Persons who had a mother with a known history of HBV (n = 6) were more likely to test positive for current HBV infection than those who did not have this history (3.4% vs 0.3%; P = .01). Persons who had been a healthcare worker were significantly less likely to test positive for HBV infection than those who did not report a history of being a healthcare worker (0% vs 5.1%; P = .03). No other risk factors assessed for the presence of current HBV infection were significant. In a logistic regression model, age, sex, and having a mother with hepatitis were independently associated with HBV infection , .14-.75; P < .01) and older age (OR, 0.97; 95% CI, .94-.99; P < .01) were less likely to test positive for HBV infection, whereas persons who had a mother with a history of hepatitis were more likely to test positive for HBV infection (OR, 18.8; 95% CI, 2.72-164.65; P < .01). Although persons with current HBV infection had a greater number of years residing in Africa, this was not significant in the adjusted analysis.
Risk Factors for HBV Exposure
The characteristics of persons with and without HBV exposure are shown in Table 5 . The mean age in years of those with HBV exposure was significantly higher than those without exposure (45.9 years vs 41.6 years, respectively; P < .01) and higher in men (73.8% vs 56.1%; P < .01). A significant disparity between sexes was present with respect to HBV exposure, with 65.3% of men and 56% of women having evidence of exposure (P < .01). People with HBV exposure spent more time residing in Africa (33.7 years vs 30 years; P < .01) and the United States (12.6 years vs 10.8 years, respectively; P = .03) than those who were not exposed. Persons with a history of a blood transfusion (3.7% vs 7.9%; P = .01), employment as a healthcare worker (3.5% vs 7.5%; P = .02), tattoos (3.1% vs 7.1%; P < .01), and body piercings (7.5% vs 15.5%; P < .01) were all less likely to have evidence of HBV exposure than those who did not report these histories. No other known risk factors were associated with HBV exposure.
In a logistic regression model, age, sex, and history of a blood transfusion were independently associated with HBV exposure (Table 6 ). Older age (OR, 1.03; 95% CI, 1.01-1.04; P < .01) was associated with HBV exposure, whereas female sex (OR, 0.46; 95% CI, .33-.66; P < .01) and history of blood transfusion (OR, 0.43; 95% CI, .22-.83; P = .01) were associated with lack of exposure.
Evidence of Vaccination and Opportunities for Immunization
A total of 100 persons (10.9%) had evidence of prior vaccination and 239 persons (56.6%) were eligible for HBV immunization. Data on HBV vaccination posttesting are not available. There were no significant differences in eligibility for immunization between different demographic or risk factor profile groups. Of the 88 (9.6%) persons who tested positive for current HBV infection, all were contacted and counseled regarding their test results. A total of 85 (97%) persons attended a first follow-up appointment. Of those 85 who attended the appointment, 82 (96.5%) were HBeAb positive, 1 (1.2%) was HBeAg positive, and 2 (2.4%) had neither serology positive. The median HBV DNA viral load for those who attended the first follow-up visit was 1289 IU/mL (IQR, 74.5-4758 IU/mL). Four (4.7%) persons were positive for hepatitis delta antibody and were referred for further testing to determine active hepatitis delta infection, but all were negative for RNA. The median FibroScan score for all persons with current HBV infection who attended follow-up was 5.7 kPa (IQR, 4.5-6.8 kPa), which is consistent with Metavir fibrosis stage 0-1 [14] . All persons underwent ultrasound for HCC screening at the first follow-up appointment, and 3 (4%) had suspicious liver lesions on initial ultrasound. All 3 persons were confirmed to have HCC by contrast-enhanced imaging and consultation with a hepatobiliary surgeon. The maximum FibroScan score was 72 kPa, which was in a patient with decompensated cirrhosis with ascites and HCC who came in for HBV screening but had no prior diagnosis of infection. The 3 persons who were diagnosed with HCC all were male, had a FibroScan score consistent with cirrhosis, and began antiviral treatment (Table 7) . Unfortunately, all had advanced, multifocal HCC at the time of diagnosis and ultimately died. Eleven persons were recommended for treatment based on AASLD criteria, and 9 of these (82%) were navigated for a second follow-up visit to municipal hospital-based clinics or Mount Sinai hospital with viral hepatitis providers and have since begun antiviral treatment. The overall continuum of care for HBV screening and linkage to care is shown in Figure 1A , and Figure 1B shows the cascade with an emphasis on patient navigation and linkage to care.
DISCUSSION
This study represents a novel, collaborative partnership among a community-based organization, an academic medical center, and community health centers to build a comprehensive HBV screening and linkage-to-care program. We report here the largest cohort of HBV screening and linkage to care in Africanborn persons in the United States. In this study, the overall HBsAg detection rate in African-born persons was high (9.6%) in persons without any known history of liver disease, and 73.9% of our cohort had evidence of HBV exposure. Our findings are in line with the 2004 World Health Organization estimates for chronic HBV infection in sub-Saharan Africa that exceed 8%, and HBV exposure that ranges from 65% to 85% [15, 16] . We also identified a 2.6 times higher prevalence of current HBV infection in men compared with women, which corroborates other reports of higher rates of infection among men by 1.13-3 times that of women [15, [17] [18] [19] [20] [21] [22] [23] [24] [25] . Reasons for higher rates of HBV infection in men compared to women have not been well delineated. The higher rate in men may be a result of the observed prolonged replicative phase of the virus in boys; increased rates of circumcision in boys compared with girls, which is often performed with previously used instruments or with the same instrument in group settings; and/ or differences in the social and sexual behaviors of males and females [21] . In addition to male sex, younger age and having a mother with hepatitis were observed risk factors for current HBV infection. Given that vertical transmission of HBV remains the most common route of transmission worldwide, it follows that having a mother with hepatitis would be a strong risk factor for HBV infection. It is not clear why younger age was a risk factor for current HBV infection in our cohort. As outlined below, spontaneous clearance of HBsAg at older ages could occur more frequently, leading to higher rates of current HBV infection in younger persons. Additional risk factors for current HBV infection may be present in younger persons, and further work to validate this finding and determine a reason will be important in future studies. There were low rates of traditional established risk factors in HBV-infected persons.
We found a very high rate of HBV exposure in our cohort. Older age was one variable associated with HBV exposure, suggesting that ongoing routes of transmission persist into adulthood. As with current HBV infection, male sex was also associated with higher rates of exposure. The discrepancy between the association of older age with HBV exposure and younger age with current HBV infection may in part be accounted for by the 1%-2% per year rate of spontaneous clearance of HBsAg [26] . Another possible factor to account for this difference would be epidemiological differences in HBV exposure and infection rates in African individuals who are currently in the 30-to 49-year age cohort, which are not well understood. One study based on data from a county in Minnesota describing the changing epidemiology of HBV infection included a subgroup of African immigrants, and similarly found a peak in HBV infection in African-born persons 30-49 years of age, with a decreasing rate in older age groups [27] . This has also been described in HBV studies in African nations [28] . Finally, that a history of blood transfusion was less likely to be associated with HBV exposure is interesting but not clearly understood. These results should be verified in future studies. Additionally, it should be noted that the high rate of exposure in this cohort has implications regarding the risk of reactivation of HBV infection in these persons who undergo immunosuppressive treatment (see Gonzalez and Perrillo [29] Supplementary Material). Given the high rates of HBV infection and exposure, additional horizontal modes of transmission may occur in this population. Additional risk factors now being assessed in our HONE program include dental practices and traditional medical procedures including circumcision, scarification, and tattooing [30] [31] [32] [33] [34] .
Three men in our cohort who attended follow-up were diagnosed with locally advanced, multifocal HCC at the time of their first follow-up appointment and ultrasound examination for liver cancer screening. One of the patients had decompensated cirrhosis with ascites but without a prior diagnosis of current HBV infection. The other 2 patients had no evidence of decompensated liver disease and were asymptomatic at the time of diagnosis, further highlighting the silent nature of infection and longterm adverse sequelae for many patients with current HBV infection. All 3 patients were initiated on antiviral therapy, but all 3 ultimately died of their underlying malignancy. In one large, placebo-controlled randomized study of nearly 19 000 HBVinfected patients, it was shown that HCC surveillance with both abdominal ultrasound and serum α-fetoprotein repeated at 6-month intervals resulted in a 37% reduction in HCC-related mortality [35] . In persons with current HBV infection, screening for HCC is recommended every 6-12 months [10] . It can be argued that earlier diagnosis of current HBV infection and screening for HCC in these persons may have resulted in a different outcome than death, underscoring the need to continue targeted HBV screening for African-born persons and subsequent HCC screening in those with current infection.
This study had several strengths. This is the largest cohort of African-born persons in the United States that have been screened for HBV infection. We included testing for HBcAb to determine the prevalence of exposure. We excluded persons with a known history of liver disease to minimize selection bias in the risk factor analysis for HBV infection and exposure. Screening events were also conducted at nontraditional venues to better target African-born persons including places of employment and worship and community centers. Many African-born persons in NYC work in the service industry and ascribe to various religious affiliations; therefore, screening in these venues likely increased our ability to effectively target this community. Given that only 21.9% of this cohort was covered with health insurance and <23.9% had a primary care physician, community-based free testing was an important aspect of targeting this community to access screening. Many persons who are at risk in this community may not have the opportunity to undergo screening through visits with a primary care physician given the lack of engagement in routine medical care in the absence of health insurance. Persons who tested positive were also offered comprehensive free follow-up visits and were linked to care irrespective of their insurance and/or documentation status. Lack of insurance was thus not a barrier to follow-up care, linking persons to ongoing care, or treatment due to the presence of municipally funded public hospital-based clinics. Finally, we again demonstrate in this study a major strength of our HBV screening model: the engagement of culturally targeted patient navigators, which substantially increased our ability to educate people to access screening and provide very high rates of follow-up (97%) for HBV-infected persons. Culturally targeted patient navigators are critical to establishing effective community-based viral hepatitis screening and linkage-to-care programs, particularly in programs targeting foreign-born persons [36] .
This study had several limitations. One major limitation is selection bias in who attends community-based screening events. As with any screening study, a variety of factors may be facilitators for and/or barriers to accessing screening. Prior knowledge of HBV infection is a potential motivating factor, which we attempted to control for by ascertaining self-reported history and excluding these persons from the risk factor analysis. Based on a 1-time screening test of HBsAg, we are unable to determine which individuals had chronic HBV infection and who had acute infection. Given that the vast majority of transmission in Africa is estimated to be either horizontal during childhood or perinatal, we can presume that most, if not all, individuals who were HBsAg positive had chronic infection. However, repeat measurements of HBsAg over months would be required to confirm chronic, as opposed to acute, infection. We also had a lower than expected number of persons with a self-reported history of HIV (0.9%) and family history of viral hepatitis (0.7%). The World Health Organization estimates the global prevalence of adult HIV infection to be 0.8% with a prevalence in Africa of Figure 1 . A, Overall continuum of care for hepatitis B virus (HBV) screening and linkage to care. The total cohort included 955 African-born persons, of whom 919 (96%) did not have known liver disease. Eighty-eight persons tested positive for HBV infection (9.2%); all were counseled with their test results, and 85 (8.9%) were linked to follow-up care. Eleven persons were recommended for treatment, of whom 9 (1%) began antiviral treatment. B, Effect of patient navigation and linkage to care on the overall continuum of care for HBV screening and linkage to care. The total cohort included 955 African-born persons, of whom 919 (96%) did not have known liver disease. Eighty-eight persons tested positive for HBV infection, all of whom (100%) were counseled with their test results; 85 (97%) were linked to follow-up care. Eleven persons were recommended for treatment, of whom 9 (82%) began antiviral treatment.
4.5%. Sub-Saharan Africa has been the most severely affected by HIV infection with an estimated 24.7 million persons infected in 2013 and accounting for >70% of the global burden of infected persons [3] . At the height of the HIV epidemic in sub-Saharan Africa between 1990 and 2000, the average life expectancy was approximately 49.5 years [37] . From 2002 to 2012, with implementation of antiretroviral treatment regimens for HIV, the life expectancy has increased by 5.5 years. It is quite possible that fewer HIV-infected persons immigrate to the United States given current availability of antiretroviral therapy in Africa, their chronic illness, and other social circumstances that present barriers to immigration. Also, based on our prior work to delineate facilitators for and barriers to HBV screening [38] , stigma from chronic illnesses including HBV is a significant barrier and therefore self-report may deter persons from answering these questions truthfully, which may affect our results.
CONCLUSIONS
In this study, we have established a targeted, novel collaborative paradigm for HBV screening and linkage to care comprised of a community-based organization, an academic medical center, and municipal hospital-based outpatient specialty clinics. The screening data reported in this study demonstrate high rates of current HBV infection and exposure among African immigrants in the United States, especially among men, but found no positive relationship between known established risk factors and current infection, highlighting the need for a better understanding of transmission patterns and risk factors for infection in Africa. Finally, we established that there is a significant opportunity for prevention through highly effective immunization in African-born persons; therefore, work to enhance prevention in native countries of origin in these populations remains a significant unmet medical need.
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